The TGA was performed under air atmosphere. N-CNTs were burned off and Ni was oxidized to NiO, which was confirmed by the XRD pattern (JCPDS card No. 47-1049). The weight remained after the TGA test is 88.7 wt %. Based on the formula of NiO, 78.6 wt % of NiO comes from Ni. Thus the Ni loading in Ni/N-CNT is 88.7 wt % ×78.6 wt % = 70 wt %. No anodic current was found when H 2 was replaced by Ar, indicating that H 2 is a reactant for the reaction. However, a cathodic current below 0 V was also observed in Ar atmosphere, which is similar in H 2 atmosphere. This cathodic current is attributed to the HER in which water is the reactant, and thus can be observed in both atmospheres. The cathodic current at the backward scan not only comes from the reduction of Ni(OH) 2 , but also captures hydrogen evolution current. We subtract the HER current, which is estimated from the cathodic current at the forward scan. Thus only the patterned areas were integrated, which is the charge from the reduction of Ni(OH) 2 without HER. The ECSAs were calculated from the integrated area using a charge density of 514 µC cm Ni −2 for one monolayer of OH adsorption on Ni.
No anodic current was found when H 2 was replaced by Ar, indicating that H 2 is a reactant for the reaction. However, a cathodic current below 0 V was also observed in Ar atmosphere, which is similar in H 2 atmosphere. This cathodic current is attributed to the HER in which water is the reactant, and thus can be observed in both atmospheres.
Supplementary Figure 6.
Cyclic voltammetry (CV) of the catalysts in Ar-saturated 0.1 M KOH at a scan rate of 50 mV s −1 : (a) Ni/N-CNT, (b) Ni/CNT, (c) Ni. The patterned parts of the CV represent the area integrated to estimate the electrochemical surface area (ECSA) of Ni. The calculated ECSA of each catalyst are shown at lower right corner, respectively. The ECSA of Ni is calculated from the charge of the reduction of Ni(OH) 2 to Ni. The cathodic current at the backward scan not only comes from the reduction of Ni(OH) 2 , but also captures hydrogen evolution current. We subtract the HER current, which is estimated from the cathodic current at the forward scan. Thus only the patterned areas were integrated, which is the charge from the reduction of Ni(OH) 2 without HER. The ECSAs were calculated from the integrated area using a charge density of 514 µC cm Ni −2 for one monolayer of OH adsorption on Ni.
Supplementary Figure 7.
Micro-polarization region (−10 mV to 10 mV) of Ni/N-CNT, N/CNT and Ni, respectively. The dash lines indicate the linear fitting.
In the micro-polarization region, the Bulter-Volmer equation can be simplified to
where R is the universal gas constant, T is the temperature, F is Faraday's constant and j is the measured current density. Thus the exchange current density can be obtained from the slope of the linear fitting of j vs η. The obtained j 0 are listed in Supplementary Table 1 
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Supplementary Note 1
Calculation of the Exchange Current Density from the Volcano Plot. Supplementary  Fig. 11 shows the volcano plot used to correlate the calculated, site-dependent hydrogen binding energies to exchange current density by obtaining the α and β parameters of Supplementary Equation 3 . The regression in Supplementary Equation 3 was performed with respect to the close-packed surfaces of single metals (Ni, Pt, Co, etc.) for which exchange current density data was available (filled points in Supplementary Fig. 11 ). 1 For each of the threefold hollow sites on the four Ni 13 model systems, the hydrogen binding energy was calculated from Supplementary Equation 2. In Supplementary Fig. 11 , the open points representing the site-averaged binding energies for unsupported Ni, Ni/graphene, Ni/N c -graphene, and Ni/N egraphene are shown with the experimentally measured exchange current densities of Ni/C, Ni/CNT, and Ni/N-CNT, respectively (note that no distinction is made experimentally between the N c -graphene and N e -graphene systems). Supplementary  Fig. 11 indicates that binding energies between −0.3 and −0.5 eV were found to be optimal for HOR, in agreement with previous studies in acidic and alkaline solutions.
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Supplementary Note 2 Calculations on a Larger Ni 37 Nanoparticle. In order to evaluate the ability of the Ni 13 model to capture the thermochemical and electronic properties of the large experimental nanoparticles, we compared the results with those on a Ni 37 (truncated cuboctahedron) nanoparticle with a diameter of ~1.0 nm. The d density of states for the two models are compared in Supplementary Fig. 12 and the structural model of the Ni 37 is shown in Supplementary Fig. 13 . The d-orbitals of the Ni 13 cluster correspond well to the larger Ni 37 model. Importantly, the difference in the calculated d-band center is only 0.01 eV for the two nanoparticles. Activity predictions for the two models are also in close agreement: the exchange current density was predicted to be 6.7 × 10 −3 mA cm −2 and 7.2 × 10 −3 mA cm −2 for the Ni 37 /graphene and the Ni 13 /graphene, respectively. Next we explore the electronic effect of the nitrogen-doped support of the N e -graphene for the two nanoparticles. Supplementary Table 4 , corresponding to the structural model in Supplementary Fig. 13 , clearly shows that only the first layer of the Ni 37 nanoparticle is significantly affected by the presence of the dopant. This provides evidence that the dopant has a local electronic effect only on the adsorption sites of the nearby Ni atoms. As a result, it is no surprise that the smaller Ni 13 model exhibits a corresponding upshift in the d-band center with an edge nitrogen present.
